Aim To study the histopathologic features and clinical correlation of epiretinal membranes (ERM) obtained from patients of Eales' disease and compare with other vasoproliferative disorders. Methods Retrospective analysis of epiretinal
Introduction
Eales' disease, first described by Henry Eales in 1882, is a primary perivasculitis that predominantly affects the peripheral retina of young and otherwise healthy adults in the age group of 20-40 years. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] It is regarded as a clinical syndrome presenting with retinal perivasculitis affecting the peripheral retina (inflammatory stage), resulting in sclerosis of the retinal vessels (obliterative stage) and finally retinal neovascularization and recurrent vitreous haemorrhage (ischaemic stage), with or without retinal detachment (angiogenesis/ proliferative stage). 5, 6, 8, 10 The treatment strategies involve oral corticosteroids in the inflammatory stage, photocoagulation in the ischaemic stage, and vitrectomy and epiretinal membrane (ERM) removal with additional procedures in the proliferative stage. 5, 6 ERMs, in general, are the result of proliferation and differentiation of different cell types. They include retinal pigment epithelium (RPE) and retinal glial cells in proliferative vitreoretinopathy (PVR), vascular endothelium, fibroblasts, and macrophages in retinal vasoproliferative disorders such as diabetic retinopathy and vascular occlusions and blood cellular components in inflammatory disorders. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Aetiopathogenesis of Eales' disease is not well understood because of lack of appropriate specimen for microbiology and histopathology studies. The availability of tissue specimen in active stages of the disease is quite unlikely because it is a disease of young healthy persons and involves the retinal periphery in its early stages. Hence, ERMs obtained from the patients of Eales' disease, who need vitrectomy for nonresolving vitreous haemorrhage or other sequel of proliferative stages, are the most appropriate for such studies. 7 The ERMs obtained from Eales' disease are fibrovascular in nature and are similar to those in other vasoproliferative disorders like diabetic retinopathy and vascular occlusions. 7 In this study, we evaluated the histopathologic features of ERMs obtained from patients of idiopathic vasculitis of presumed Eales' disease and were compared with the ones from vaso-occlusive disorders like diabetes and vascular occlusions. To determine the clinical significance and to understand the pathogenesis of ERMs in Eales' disease, the morphologic features were correlated with the clinical features.
Methods
The epiretinal membranes obtained during vitrectomy between January 1995 and June 2001 were evaluated. We included patients of diabetes and vascular occlusions with ERMs as vaso-occlusive disorders (Group 1) and idiopathic retinal vasculitis of presumed Eales' disease as vasoinflammatory disorder (Group 2) for evaluation and comparison. A diagnosis of presumed Eales' disease was made if the patient had unilateral or bilateral obliterative retinal vasculitis affecting the veins without a known and definitive cause (Figure 1a-c) . The systemic work-up of the patient included peripheral blood smear, erythrocyte sedimentation rate, blood chemistry including blood sugar, Mantoux, chest radiography, specific tests for syphilis, test for human immunodeficiency virus, and collagen vascular disorders. A diagnosis of proliferative diabetic retinopathy was made in patients with history of raised blood sugar levels along with fundus and angiographic evidence of microaneurysms, capillary nonperfusion, and fibrovascular proliferative membranes in either or both eyes. Vascular occlusions were diagnosed by the distribution of the retinal haemorrhages or soft exudates in the distribution of the retinal vessels, in the absence of any overlying inflammatory cells or vascular cuffing.
We excluded patients in whom the ERMs were obtained for diagnoses other than diabetic retinopathy, vascular occlusions, and Eales' disease. We also excluded the patients with incomplete data or inadequate followup, ERMs obtained during second surgical intervention or those obtained from silicone oil-filled eyes, even if they bear a diagnosis of diabetic retinopathy, venous occlusions, or Eales' disease.
Patient demographic data included detailed history of duration of decrease in vision (which might reflect the duration of ERM), past treatment, associated systemic illness and systemic work-up (including all the tests as mentioned earlier). Ocular evaluation included slit-lamp biomicroscopy, applanation tonometry, indirect ophthalmoscopy, ultrasonography, fundus fluorescein angiography, best corrected visual acuity, details of the surgery, location and nature of membrane, and postoperative course including the best corrected visual acuity.
Informed consent was obtained from each patient after explaining the nature of the disease, details regarding surgery and possible consequences of intervention. All patients were operated by standard 3-port pars plana vitrectomy with ERM peeling with or without additional procedures. The ERMs were obtained by using intravitreal forceps either directly or retrieved after they were isolated and dissected from the retinal surface using the horizontal intravitreal scissors. Immediately after taking out of the eye, the membranes were fixed in 2% glutaraldehyde and 2% formaldehyde.
The specimens were postfixed for 2 h in 2% osmium tetroxide in phosphate buffer, acetone dehydrated and embedded in epoxy resin. Semithin sections were stained with aqueous 0.1% toluidine blue (Merk) in 1% borax solution for light microscopy. Ultrathin sections were stained with lead citrate and uranyl acetate and examined in transmission electron microscope (Jeol I00 CX).
The postoperative data included final visual acuity and associated complications. The visual results and the histological type of membranes were compared between the groups. The membranes were divided histologically into: (a) predominantly vascularFwherein the vessels were prominent, lined by clusters of plump endothelial cells, and had proliferating edges, (b) predominantly fibrousFwherein the membrane consisted of dense fibrocollagenous stroma with sparse cellularity and vessels, (c) fibrovascularFconsisting of membranes which showed a fibrocellular stroma with few vessels, and (d) inflammatory membranesFwherein the stroma showed inflammatory cells. The cellular components observed in the histological sections were also noted. The predominant cell types were observed. The clinical and histological parameters were compared between the groups with special emphasis on the additional features in patients with presumed Eales' disease. 
Statistical analysis
A two-tailed independent sample t-test was performed between the groups for continuous variables, and Fisher's exact test for categorical variables, and the group differences in the proportion of patients achieving a specific acuity level. A nonparametric Kruskal-Wallis test was performed to compare the duration of symptoms between different types of membranes. Analyses were performed by SPSS 11.0 for windows (SPSS Inc, Chicago, USA) software.
Results

Clinical features
A total of 5775 primary vitrectomies were performed at the retina-vitreous services of LV Prasad Eye Institute between January 1995 and June 2001. A total of 42 patients were included in the study, who fulfilled the inclusion criteria. In all, 24 patients belong to the clinical subtype of vaso-occlusive disorders (Group 1) and 18 were of vasoinflammatory (Group 2) (Figure 1b-d and  Tables 1 and 2 with previous laser/cryotherapy was observed in 13 of 16 (81.3%) in Group I and eight of nine (88.9%) eyes in Group 2 (P ¼ 1.0). The distribution of location of membrane in Group 1 (n ¼ 24) was as follows: maculaF12, discF13, above the superotemporal vascular arcadeF9 and below the inferotemporal vascular arcadeF4. The distribution of membrane location in group 2 (n ¼ 18) was as follows: maculaF13, discF10, below the inferior temporal vascular arcadeF6 and above the superotemporal vascular arcadeF5. The membranes were present in more than one location in a given patient because of their extensive nature.
Histologic features
Predominantly vascular membranes
The active growing edges were seen in two of 24 (8.3%) specimens in Group 1 and four of 18 (22.2%) in Group 2 (P ¼ 0.375). Group 2 ERMs were characterized by the presence of inflammatory cells in addition to being predominantly vascular. Few membranes were associated with extrastromal haemorrhage (one in Group 1 and two in Group 2) (Figure 1b and e) .
Predominantly fibrous membranes
The presence of fibrocellular and collagen components predominated in these membranes with scanty vascular components. Hyalinization was seen in the centre in few specimens in both the groups. The edges of the membranes were devoid of active vascular components. Predominantly fibrous membranes were observed in five of 24 (20.8%) in Group 1 and eight of 18 (44.4%) in Group 2 (P ¼ 0.18). Inflammatory cells were seen in Group 2 patients although the number of cells per field was less compared to a predominantly vascular membranes of the same group (Figure 1c and f) . Membranes in Group 1 were associated with scanty or no inflammatory cellular components.
Fibrovascular membranes
Fibrovascular membranes were observed in 17 of 24 (70.8%) in Group 1 and six of 18 (33.3%) in Group 2 (P ¼ 0.028) (Figure 1g ). Some membranes showed intraand extracellular pigment deposits (Figure 1h ). Inflammatory components were seen scarce in Group 1 and in abundance in Group 2 membranes.
Inflammatory membranes
Inflammatory type of membranes were observed in none of the specimens in Group 1, but were observed in 17 of 18 (94.4%) in Group 2 (Po0.0001). The inflammatory component of varying intensities was observed in addition to the above-described three types of membranes in Group 2 (Figure 1c and f) . Based on the histological characteristics, mast cells were observed in two, macrophages were observed in 10, monocytes in 16, and eosinophils in two specimens each.
Type of membranes vs duration of disease
The median duration of visual symptoms was 13 months in eye with predominantly vascular membranes, 10 months in predominantly fibrous, and 8 months in fibrovascular membranes. Predominantly vascular type of membranes were associated with longer duration of symptoms, although this did not achieve the statistical significance (P ¼ 0.25, Kruskal-Wallis test).
Cellular components of the membranes
The essential cellular components observed in the epiretinal membranes were fibroblasts, fibrocollagen, glial cells, astrocytes, and myofibroblasts (Figure 2c and d) in both the groups and were essentially comparable in numbers. The fibrocytes were identified by the ovoid nuclei, innumerable intracytoplasmic filaments, elongated cytoplasmic processes and lack of polarity ( Figure 2d ). Monocytes were present in ERMs of both the groups, Group 1 membranes had minimal number of monocytes per field and Group 2 membranes had abundant monocytes per field. The inflammatory cells that were present in Group 2 membranes only include macrophages (11 of 18; 61.1%), eosinophils (two of 18; 11.1%) and mast cells (two of 18; 11.1%). Macrophages were identified by the presence of phagic vacuoles and residual bodies (Figure 2e ). Eosinophils were identified by the presence of intracytoplasmic granules (Figure 2f ). Pigment epithelium was another important cellular component observed in ERMs of both the groups, in 15 of 24 (62.5%) membranes in Group 1 and 11 of 18 (61.1%) membranes in Group 2 (P40.05). Fibroblastic transformation of the pigment epithelium was noted in some specimens (Figure 2g and h ). There was no clinically visible breach in the retina in any of the patients. There was no correlation between the presence of RPE and prior laser or cryo therapy (P40.05).
Discussion
The aetiopathogenesis of idiopathic retinal vasculitis of presumed Eales' disease is not well understood. Currently, Eales' disease is in essence a diagnosis of exclusion of the diseases that are known to be associated with retinal vasculitis. [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] Epiretinal membranes obtained from the patients with Eales' disease could form a good specimen to study the aetiopathogenesis. 7 In its proliferative stages, Eales' disease mimics other vasoproliferative disorders like diabetic retinopathy and vascular occlusions. 7 Very few studies in past have focused on the histologic details and their clinical implications in this disorder. 5, 7 In our study, we tried to address this question and compared with clinically similar group of disorders such as diabetic retinopathy and vascular occlusions. The location of the ERMs noted in patients of Eales' disease are not significantly different from the other vasoproliferative disorders (23 vs 25 occasions ERMs were observed in the posterior pole in our study). This observation is contrary to the clinical description of peripheral location of the disease in Eales' disease. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] We are unsure whether it was because only the severe form of the disease required the surgical intervention or the posterior location of ERMs in Eales' disease is not a rare observation.
Despite the longer duration of the epiretinal membranes in patients with idiopathic vasculitis, the persistence of inflammation at the cellular level was very striking (seven of eight predominantly fibrous membranes had inflammatory cells; Figure 1c and f). Lymphocytes observed predominantly in the membranes obtained from patients of Eales' disease, was suggestive of chronic inflammation. In the past, T-lymphocytes and cell-mediated immune mechanism have been implicated in Eales' disease. 5, 6 Immunophenotyping of the lymphocytes was not conducted in our study. Several immune-mediated diseases including Behcet's disease, sarcoidosis, rhematoid arthritis, Vogt-Koyanagi-Harada, Wegener's granulomatosis, and Crohn's disease causing retinal vasculitis are known to be associated with lymphocytic infiltration of the affected tissues. [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] Since we had excluded all the aforementioned conditions, lymphocytic infiltration in the ERMs was least expected. Our observation supports the hypothesis of triggering of immune mechanism by an unknown antigen in patients of Eales' disease resulting in active perivasculitis and resultant cascade of events observed at different stages of the disease process.
Fibrous and vascular type of membranes predominated in patients with idiopathic vasculitis and fibrovascular membranes in diabetic retinopathy or venous occlusions. ERMs in diabetic retinopathy and venous occlusions are known to follow a sequence of events in their evolution, that is, predominantly vascular followed by fibrovascular and predominantly fibrous membranes. The predominance of fibrous and vascular type of membranes in Eales' disease indicates the selflimiting nature of the disease process. The inflammatory cells, though present in majority of the specimens of both the subgroups, the density of inflammatory cells was far greater in patients of idiopathic vasculitis of presumed Eales' disease. Presumably, inflammatory vaso-occlusion causes retinal ischaemia, leading to vasoproliferation. However, this vasoproliferation subsides once the areas of retinal ischaemia is knocked off by photocoagulation causing fibrosis of the membrane. In contrast, diabetic retinopathy is marked by a lingering process of vasoocclusion causing persistence of vasoproliferation, and hence persistence of fibrovascular membranes. 27 RPE cells were observed in majority of the specimens in both the groups. The presence of RPE cells in the absence of any clinically visible breaks in the retina is 28 Several cellular components contribute or participate in the ERM formation in Eales' and other vasoproliferative disorders. 22, 23, 25, 28 In our study, they include: (a) RPE (as fibroblastic transformation of pigment epithelium) (Figure 2g The ERMs of Eales' disease showed a variety of inflammatory cells. Four of the 18 specimens showed presence of mast cells or eosinophils. This is not described often before. This prompts us to consider an allergy or parasitic infestation as a possible aetiology in some patients of idiopathic vasculitis. The presence of eosinophils in patients of Eales' disease was described by Bryselbout et al 46 and Renie et al. 47 The presence of eosinophils and mast cells is indicative of a cell-mediated immune process to an antigen innate to the host. Mycobacterium tuberculosis DNA detected in specimens of ERM from Eales' disease by nested PCR technique by Madhavan et al 7 suggests such a process. The use of molecular diagnostic techniques could be useful in understanding the aetiopathogenesis of Eales' disease. [48] [49] [50] We hypothesize that a common protein sequence acts as an antigenic stimulus for an immune cascade that results in perivasculitis characteristic of Eales' disease. Prospective studies are needed in arriving at the common sequence that is responsible for triggering such an immune cascade.
In summary, ERMs form an important specimen to understand the disease process. In this study, the cellular components of ERMs appeared to be an important clue to the aetiology in patients of idiopathic retinal vasculitis. Although we could not find any relevant correlation between the clinical findings and histological features, histological features themselves appeared very significant. The retrospective nature of the study and the stage at which the ERMs obtained, might be the reason for poor correlation. Lack of immunophenotyping of the cellular components and polymerage chain reaction studies of the specimens, is one of the weaknesses of this study. We plan to include them in our future prospective study designs.
